Ligand-and structure-based pharmacophore modeling, docking study reveals 2- [[4-[6-(isopropylamino) pyrimidin-4-yl]-1H-pyrrolo[2,3-b] pyridin-6-yl] amino] ethanol as a potential anticancer agent of CDK9/cyclin T1 kinase ABSTRACT Objective: CDK9/Cyclin T1 kinase is a protein kinase, indirectly involved in the cell cycle progression in the form of transcription elongation, CDK9 specific inhibitors may be a potential alternative treatment not only for cancer but also other life-threatening diseases.
INTRODUCTION
CDK kinases play a very crucial role in the regulation of the cell cycle process, its activation as well as regulation maintains cell division, changing the transition state and entry into the mitosis phase, cancer and several proliferative diseases occurred because of the alteration in the cell cycle. [1] [2] [3] CDKs take part in the different processes such as apoptosis, neuronal cell functioning as well as transcription. [4, 5] Among all the CDKs one of the CDK is CDK9, which is also known as cdc2-like family of kinases. [6] It involves in the transcription elongation (controlling the gene expression) phase, apoptosis as well as cell differentiation and cell proliferation when it is paired with the cyclin units and makes the P-TEFb complex (CDK9/Cyclin T1). The structure of CDK9 with Cyclin T1 is shown in Figure 1 . The Cyclin T1 well known as CDK9 regulatory subunit and it has been confirmed by the in vitro and in vivo studies. [7] [8] [9] [10] [11] [12] [13] Thus, CDK9 is the most important target for cancer prevention. After completing a literature survey, some inhibitors have been identified which shows their promising binding affinity such as 2-Anilino-4-(thiazol-5-yl) Pyrimidine, [14] 4-Arylazo-3,5-diamino-1H-pyrazole, [15] DRB, which make halogen bond with the CDK9 active hinge region, [16] flavopiridol, [9, 17] roscovitine, CR8, [18, 19] and CAN-508. [20] A few co-crystallized CDK9/Cyclin T1 inhibitors have been searched out from the Protein Data Bank [21] such as Flavopiridol, (1) 2-amino-4-heteroaryl-pyrimidine (2), DRB (3), and CAN-508 (4) presented in Figure 2 .
CDK kinase modulators modulate the kinase activity through blocking cell cycle progression, and it shows its promiscuity. The US Food and Drug Administration has given approval only 11 kinase inhibitors till date, as cancer treatment. [22, 23] Hence, there is still need to find out a new class of drugs with better binding affinity in the active site of the target for the treatment of death leading diseases such as cancer, AIDS, cardiac hypertrophy, and several proliferative diseases. The aim of this study was to design a workflow for the discovery of novel potential CDK9/Cyclin T1 inhibitors searching out of drug databases. We validated our approach with the already bind inhibitor and studies new, not yet analyzed other chemical lead compounds which show their Kinase inhibition potential. Pharmacophore generation, screening and docking studies were carried out with the vast literature survey.
Ligand-based and structure-based pharmacophore model has been generated with the help of LigandScout 3.12 and the pharmacophore model has been used as a three-dimensional (3D) query to search novel inhibitor using a feature-based screening approach against different databases such as MDPI, ZINC, and Maybridge HitFinder. After getting screened results the selected hits were subjected for the docking study. Eleven novel compounds were found from three databases as CDK9 inhibitors, which may be further used in the designing a new scaffold lead-like molecule for CDK9/Cyclin T1 inhibition. [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] 
MATERIALS AND METHODS

Generation of structure-based pharmacophore model
Structure-based pharmacophore model was generated based on the chemical features of the active site residues of the receptor. For this study, the crystal structure of the protein CDK9/Cyclin T1 (PDBID: 4BCJ), complexes with 2-amino-4-heteroaryl-pyrimidine inhibitor used for the generation of structure-based pharmacophore model shown in Figure 3 . The binding site was selected by clicking the inhibitor, which contains all the necessary active site residues. LigandScout 3.12 software (Austria, Europe) was used to generate the pharmacophore model which contains hydrogen bond acceptors (HBAs), hydrogen bond donors (HBDs) and hydrophobes information within the binding site sphere of the receptor. [24, 26, 30] The qualitative common feature-based pharmacophore model was generated using LigandScout 3.12 software with the help of three best co-crystallized active ligands. A LigandScout software tool that allows to fast and transparently deriving ligand-based pharmacophores from structural data of ligand in a fully automated and appropriate way. Among three, two ligands were selected as training (Flavopiridol and DRB) and one ligand was selected as a test ligand (CAN508). This pharmacophore model was further subjected to the virtual screening against the drug databases (MDPI, ZINC, MayBridge HitFinder). [26, 28, 29] The ligand-based pharmacophore model was shown in Figure 4 .
Pharmacophore feature matching screening using LigandScout 3.12
Database screening is an important Bioinformatics technique which is used in the drug discovery and development processes and medicinal chemistry research. Ligand-Based and structure-based generated pharmacophore model was subjected against the commercially available databases using LigandScout software for pharmacophore feature matching screening, it matches the pharmacophore features with the drug databases available compounds. [24, 29] 
Ligand-protein preparation and docking workflow Protein selection and preparation
The target (CDK9/Cyclin T1) complex structure was downloaded from the Protein Data Bank (PDB ID: 4BCJ) and prepared using the protein preparation wizard of the Schrodinger software. The target structure was loaded into the Prep Wizard where hydrogen atoms were added, and bond orders were assigned, In the final stage, a restrained minimization step was performed with the RMSD cutoff of 0.30 Å and OPLS-2005 force field. [39] Ligand preparation The small molecules (pharmacophore matched) were retrieved from the screening result of the LigandScout software. These all molecules were exported into the SDF format and prepared using the LigPrep module of the Schrodinger software. In the preparation step, the bond order and the bond angle were assigned, then minimization was ended using OPLS-2005 force field, and for keeping ligand in the correct protonation state, the Epik option was used. [40] Grid preparation The grid of the protein structure was prepared using the Glide protocol. The 2-amino-4-heteroaryl-pyrimidine inhibitor binding site was selected as centroid for the cyclin-dependent kinase as well as partial charge cutoff was selected as 0.25 and scaling factor was selected as 1.0 respectively. [41] Preparation of the reference compound The 2-amino-4-heteroaryl-pyrimidine inhibitor was retrieved from the co-crystallized structure of protein-ligand complexes from the PDB. This inhibitor was also prepared by the LigPrep module of the Schrodinger software and docked with the CDK9 kinase again and kept as a reference for finding potential hits from MDPI, ZINC and Maybridge HitFinder databases.
Docking
Ligand-protein docking was performed using Glide maestro protocol. Pharmacophore features matching screened compounds were subjected to the Lipinski filtration and reactive functionality. The reference compound also incorporated with these compounds. Docking (HTVS, SP, and XP) was performed against the target protein. [32] The pharmacophore feature matching screening using LigandScout and the docking workflow is shown in Figure 5 .
Drug-like property analysis
The best hits were chosen for finding the drug-like properties. These properties include the Lipinski's rule of five and the properties were molecular weight (MW), HBA, lipophilicity (log P), HBD, and human oral absorption. The other drug properties were also identified like total solvent accessible surface area (SASA) in square angstroms using a probe with a 1.4 Å radius, predicted aqueous solubility, predicted polarizability in cubic angstroms, predicted hexadecane/gas partition coefficient, predicted octanol/gas partition coefficient, predicted water/gas partition coefficient, predicted octanol/water partition coefficient, conformation-independent predicted aqueous solubility, log S. S in mol dm-3 is the concentration of the solute in a saturated solution that is in equilibrium with the crystalline solid, predicted skin permeability, log Kp, prediction of binding to human serum albumin. [42] ADMET profiling analysis ADMET properties are related with absorption, distribution, metabolism, excretion, and toxicity through the human body. The ADMET analysis is very important for evaluating the pharmacodynamic activities of the ligand compounds. Bioinformatics tool admetSAR (http://lmmd.ecust.edu.cn/ admetsar1/predict/) was used for this study. [43] Molecular mechanics generalized born surface area approach for drug-target binding energy estimation Drug-target binding energy estimates the stability of the protein with the ligand complexes. This Molecular mechanics generalized born surface area (MM-GBSA) was used to calculate the binding energy using Schrodinger software. [44] RESULTS AND DISCUSSION Pharmacophore feature matching screening and docking against the target Pharmacophore feature matching screening and receptor-based docking approach was used for finding the novel hit compounds. Several drug databases (MDPI, ZINC, Maybridge HitFinder) were used for this study. After completing the ligand-based and structure-based pharmacophore modeling, the pharmacophore model was used as a 3D query for screening against the drug databases. There are so many hits was found which showed the features such as pharmacophore model. The hits were incorporated in the Maestro for docking. Total eleven hits, compounds were identified which showed best binding affinity with the target protein.
pyridin-6-yl] amino] ethanol was found to be more potent as well as selective hit, which interacts with the target CDK9/Cyclin T1 kinase protein active site residues. It showed hydrogen bond interaction with residues (Cys106, Phe168, Glu66) with docking score − 11.867. The docking score is more negative and the more negative binding energy indicates more favorable interactions, and it covered the active binding site completely. This research study potentially suggested that Hit 1 is tightly docked in the active site of the CDK9/Cyclin T1 kinase and showing good inhibition characteristics. The docking score for all the potential hits was identified [ Table 1 ]. All selected hits 2D structure presented in Figure 6 . Docking with LigPlot interaction diagram gives a better presentation of binding between the target and the hits compounds [ Figure 7 ]. The docking score of all the selected hits was compared with the reference ligand in Figure 8 .
Drug-likeliness property analysis of screened hits
Drug-likeliness property analysis is the evidence for drug-like characteristics. The selected hits were evaluated, followed the Lipinski's rule of five. A good drug always recognized which shows good metabolism property, absorbed in the timeline and well distributed throughout the system. The QikProp tool of the Schrodinger software was used for this purpose. Our selected properties were MW, HBA, HBD, total solvent accessible surface and predicted aqueous solubility (QP log S) and human oral absorption, others were total SASA in square angstroms using a probe with a 1.4 Å radius (SASA), predicted polarizability in cubic angstroms (QPpolrz), predicted hexadecane/gas partition coefficient (QPlogPC16), predicted octanol/gas partition coefficient (QPlogPoct), predicted water/ gas partition coefficient (QPlogPw), predicted octanol/water partition coefficient (QPlogPo/w), predicted skin permeability, log Kp (QPlogKp), and prediction of binding to human serum albumin (QPlogKhsa) were assessed. The lower MW is an indication for good absorption of the drug compounds. Lower the total SASA was favorable for drug-like properties. The eleven potential hits with their drug-like properties were represented in Table 2 .
ADMET prediction for screened hit compounds ADMET properties of the selected hit compounds were identified using admetSAR server. BBB probability, Caco-2 probability, human intestinal absorption (HIA) probability indicated good value where BBB represents the blood-brain barrier which should be high, The higher value of BBB gives the better penetration as well as HIA score is high would be absorbed better in the intestinal tract on oral administration, For finding out that the hits were mutagenic or not the AMES test was performed [ Table 3 ]. Prediction the efflux by P-glycoprotein metabolism of the hit compounds is carried out by a family of the microsomal enzymes CYP-2C9, CYP-3A4, CYP-1A2, and CYP-2C19 which has been shown in Table 4 .
Drug-target binding energy analysis against screened compounds
Finding out the protein-drug binding affinity, the Prime MM-GBSA (GB stands for Generalized Born) module of the Schrodinger software was used. All the selected hits were subjected to that module.
It combines OPLS molecular mechanics energies (E MM ), surface generalized born solvation model for polar solvation (G SGB ), 
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The binding free energy of the selected hits as complex with the target has been identified in Table 5 .
Superimpose structure
Superimpose is an alignment technique where we can identify that all the selected hits occupied the same active binding sites. For this analysis, all the selected hits were superimposed on the crystal structure (PDB ID: 4BCJ) that occupied this region. The binding pattern was found similar to the active site crystallized inhibitor. This superimpose structure of the hits compound is very important for further analysis [ Figure 9 ].
CONCLUSIONS
So many advances in the treatment of death leading diseases have been made over the past few decades.
However, looking for the development in this research ligand-based and structure-based pharmacophore modeling was done, which gives the best hits according to the same features. A range of the Bioinformatics tools and techniques were used to discover the best hits. MDPI, ZINC, MayBridge 
